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SUMMARY 


We examine the relative merits and difficulties of the pnimar/ and 

secondary oriqin hypotheses for the observed cosmic-ray antiorotons, including 

the new low-enerqy measurement of Buffi ngt'^n, We conclude that the 

cosmic-ray anti proton data may be evidence for antimatter galaxies and baryon 

symmetric cosmology. The present o’ data are consist»^nt with a primary 

extragal actic component having ~ B.R ± 0.7x10"^ independent of energy 
We propose that primary extragal actic cosmic ray antiorotons are most likely 

from active galaxies and that expected disintegration of ^'s in the source 

quite naturally leads to a/a < F/n. We further predict an estimate for 

a/a ' 10~5, within range of future cosmic ray detectors. 
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1 . IMTRODllCTinN 


Measurements cosmic-ray antiorotons can aive us important information 
about cosmic ray propaqation and also provide a test for primary cosmoioaical 
antimatter. Gaisser and Levy (lQ74i pointed out that observation of a cosmic 
ray p flux without the low enerqy cutoff characteristic o^ secondary 
antiprotons would be a siqnal of a primary component of antiprotons in the 
cosmic rays. Buffinqton, et ai . (IRBl), observinq at enerqies well below the 
secondary cutoff, appear to see iust such a siqnal of primary anti protons. 

Data on p fluxes at hiqher enerqies (Golden et al., 1Q7Q: Boqomoiov et al . 
1Q79) qive measured values a factor of 4-10 above the fluxes expected for a 
standard propaqation model. We will consider here the Question of primary 
versus secondary oriqin of these cosmic ray anti protons. 

The maqnitude of the secondary 6 component depends critically upon how 
cosmic rays are stored in and propaqate throuqh the Galaxy. The simplest 
model describinq the propaqation of cosmic rays in the Galaxy is the leaky box 
model. The parameter describinq the model is the mean amount of matter that 
cosmic rays pass throuqh between production and observation, this qiven in 
q/cm^. Gaisser and Maurer (1973) made the first reliable predictions of the 
p/p ratio and used this model with a mean escape lenqth of S q/cm^ of 
hydrogen. Their result is consistent with later predictions as reviewed by 
Protheroe (19B2). All these predictions show a cutoff in the secondary p 
spectrum for kinetic enerqies below GeV, which is a basic feature of the 
kinematics of the p production process. 

The closed qalaxy model (Rasmussen A Peters, 1975: Peters A .Westerqaard, 
1977) qives a hiqher p/o ratio than the leaky box model (Gteiqman 1977) as do 
models in which a number of cosmic ray sources are shrouded by ^50 q/cm2 of 


matter (Cowsik and Gatsser, iQftl; Cesarsky and Mcntmerle, The spectrum 

of secondary anti protons produced in these models is similar to that in the 
closed qala>v model, not accountinq for the Buffinqton, data. The p/p 

ratio expected in this model and in the leaky box model is plotted in Fiq 1 
for the acceptable ranqe of the parameter K (see Protheroe, 1PP1, for 
discussion and details of the method of calculation. It should be noted that 
the closed qalaxy model appears to be in conflict with radio (Price 1P74, 
Brindle, and Y->^3y observations (Stacker and Jones 1177). 

2. PRIMARY ANT I PROTONS 


It is difficult to see how the hiqh flux of antiprotons below the low 
enerqy cutoff characteristic of secondary antiprotons can be explained by a 
secondary galactic component unless there is significant adiabatic 
deceleration of the p's, in diffusing away from an accreting production region 
near a compact object along with expanding material (Fichler, 11B2), a 
difficult situtation to imagine. We show in Figure 1, the prediction of 
Protheroe (1981) for the leaky box model using the enerqy dependence of the 
mean escape length obtained from secondary to primary ratios (Protheroe et 
al . , 1981). If this model provides the correct description of galactic cosmic 
ray confinement and propagation, then the spectrum of an additional primary 
anti proton component making up the deficit p flux would have roughly the same 
shape as the galactic proton spectrum. The ratio of the extragalactic p ^lux 

to the galactic proton flux would then be (T.2±0.7) x10“^* plotted as 

the heavy dashed line in Figure 1. The reduction in the "p/p ratio below this 
value at low energies is due to the combined effects of "galactic modulation" 
(ionization enerqy losses, nuclear interactions and p annihilation) and solar 


I 


«) 


modulation assuminq a mean eneray loss 1n the hellosohere of fion MeV. For 
galactic wind models (Jokipll 1<J76: Jones 1P7Q), energy losses would be 
greater and the reduction enhanced. The p/p ratio for the sum of this 
extraqalactic component plus the secondary (leaky box model) component Is 
shown by the heavy line of Figure 1. 

A primary origin for the low energy p's In terms of evaporation of primordial 
black holes In the gala>y has been considered by Kiraly et al . (IdAi) and by 
Turner (,9C2) who also considered evaporation of extraqalactic black holes. 

An alternative hypothesis wherein the observed high p flux Is due to an 
extraqalactic component of cosmic rays produced In part by antimatter galaxies 
has been briefly discussed by Stacker (lQAl,19fl2), Stacker et al . (IPAl) and 
Kiraly et al. (19fil). We shall consider this prossiblllty In detail here. 

2.1 BAR YON SYMMETRIC COSMOLOGY 


With the advent of grand unification theories, models have been suggested 
to generate a universal baryon asymmetry, with the consequence that no 
Important amounts of antimatter would be eft ln the universe at the present 
time (see e.q., Lanqacker IRRl and references therein). These models have 
been motivated by observational constraints on antimatter at least In our 
region of the universe (Stelqman 1976). However, some of these constraints 
have been shown to be overrestrictive (Stecker 197ft, Allen 19ftl). Indeed 
there may be cosmological ly significant amounts of antimatter, even whole 
galaxies of antimatter, elsewhere In the universe (Stecker I9fti, 19R2)- 
In grand unified theories, a scenario has been developed for the 
evolution of the early universe wherein the matter which eventually forms the 
galaxies arises as a "baryon excess" owing to baryon number non-conserving 
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Interactions at ultrahiqh enemies. This scenario requires that CP symmetry 
be broken. 

The basic physics argument regarding the question of a baryon symmetric 
versus an asymmetric cosmology hinges on the manner In which CP violation Is 
Incorporated Into unified gauge theories (and Into nature). If the CP 
violation Is spontaneous. It win arise with random sign changes In causally 
Independent regions and the universe will naturaly split Into domains of 
baryon and antibaryon excesses with no preferred direction of CP symmetry 
nonconservation. 

The basic scenario envisioned for this baryon symmetric cosmology Is 
outlined In Fig. 2. This scenario provides a viable explanation of the cosmic 
Y-ray background spectrum as presently observed (Stecker l‘)ft2b). f?1nce the y- 
ray background observations Indicate that matter and antimatter regions In the 
universe are separated on at least a galactic scale, a small extragalactic 
cosmic ray flux containing "p's would be consistent with this cosmology. Using 
rough energetics arguments (Ginzburg S Syrovatskil 1964; Hayakawa 1969) one 
can estimate that leakage from normal galaxies would produce an extragalactic 
cosmic ray component with a flux f^ex'^^gal^NG * ^NG “ active 

galaxies, these estimates yield = 10 . The y-ny data allow values for 5 
ranging as high as 10"^ (Said et al., 19fi2: see also Stecker 1975, Dodds et al 
1975), but the Implication of galactic source dominance favors lower values. 

If we assume that half of the extragalactic flux Is from antimatter sources, 
the resulting estimate for ^/p “ V? * SxlO"^ Is Interestingly quite dose 
to the measured values (see Fig. 1). 


2.'’ ANTIHELIUM FLUXES 


It has been argued (Stelgman 1976, Buffinqton et al. 19ftl, Elchler 1982) 
that a primary origin for cosmic-ray p's would imply that the 
ratio p/p ■ a/a and an observed value for a/a < F/P would he a serious problem 
for the primary origin hypothesis. The best 9Si; confidence upper limits at 

present are a/a < 1.5x10"^ at 4.33 6eV/c (Badhwar et al. 1978) barely 

consistent with a/a » p/p , and a/a < 2.2x10"® In the low energy range of 130- 

3/0 MeV/nucleon (Buffington et al . , 1981) Indicating that a/a < p/p In this 

energy range. However our proposed hypothesis leads naturally 
to a/a < "p/p and furthermore leads to predicted value for a/a. 

Vte have postulated that the bulk of extragalactlc cosmic rays are 
produced In active galactic nuclei (or quasars). We can make estimates of the 
disintegration probability for cosmic ray He escaping from these ob.lects. 
Photodisintegration of He nuclei by low energy Y-»*ays and spallation will be 
the most Important processes. We can estimate the Importance of these effects 
In the context of a simple spherical accretion model of quasars and active 
galactic nuclei (e.q. Protheroe and Kazanas, 1982: see also the model of 
Berezinsky and Ginzburg 1981). 

The photodlsinteqratlon timescale of non-relativistic nuclei at a 
distance r from an active galaxy depends on the photon density 1n the y~riy 
region and thus depends on the y-ray luminosity; 

2.3it r^ 

0 d 

where L(e) Is the luminosity at energy e In (MeV s"^ decade"^, Is the peak 
energy of the dipole resonance 30 MeV for He) and Is the energy- 
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Integrated dipole resonance cross section, ' fin Mev mh for He (Puaet, et a1 
1^76). For example, taking 3C273, L - 2 x in**® era S“^ decade and the source 
radius Is probably In the ranae in^** to in^^ cm. This results in a 
photodisintegration time In the range 3 x 10^ - 3 x in^ years. This process 
can thus be Important for disintearatlon of He but Its efficiency depends on 
the photon density. 

If the radiation from active galaxies Is produced vdien the directed 
Infall kinetic energy of accreting matter Is dissipated by some efficient 
mechanism at a distance r from a black hole, then the luminosity, L, is 
related to the accretion rate, M, by. 



where r^ Is the Schwartzchlld radius. Matter conservation durinq the 
accretion flow constrains the matter density as a function of radius: 


m_ 


(4tt r^v)-! 


r 

where nip Is the proton mass and v Is the flow velocity, (-p-) 

Taking a spallation cross section for He of 'IfWl mb (Riddiford and 
Williams 1960), the spallation time at radius r Is then 
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6x10** *♦ 
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where M Is the black hole mass and Ljq^ Is the total luminosity In erg s"^. 

For quasars with luminosities In the ranae in^^ - lo^^ erq/s, black hole 
masses In the range 10^ - 10^^ M^ and (r/rj) ranging from 10^ - 10^, we obtain 
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^spall ranqe 2 x 10"^ -fix 10^ years (about in^ times the light travel 

time, r/c). In our galaxy, cosmic rays are trapped for ^10^ years before 
escaping (Garcia-Munoz et al., 1^77), ir. ^ in^ times the crossing time of the 
matter disk of our galaxy. Since magnetic fields in quasars are known to be 
higher than in our Galaxy, it is not unreasonable to expect trapping times as 
large or greater than T^pgii in active galaxies resulting in spallation of 
most of the He nuclei produced, before they escape as extraoalactic cosmic 
rays. In the "cocoon" model of Berezinsky and Ginzburg (l<lftl), spallation of 
He would also occur. 

As we have just discussed, given the observed photon fields and matter 
densities, it is quite plausible that cosmic-ray a's and a's can he spalled or 
photodis integrated in the cores or iets of active galaxies. Thus we expect 
ci/p < a/p or a/a < p/p. Assuming that a's are destroyed in AG sources and 
that those from MG sources dominate, we expect a/a » *txlO“® - fixlO"®. 

In this case, future cosmic-ray experiments may soon detect a's! 

Antimatter active galaxies containing regions of high photon or matter 
density may not be detectable as y-ray sources, however, they may be directly 
determined to be antimatter sources through their production of cosmic 
ray v^'s (Learned A Stecker igftO: Berezinsky A Ginzburg igRl). Other cosmic 
ray tests for cosmic antimatter have also been suggested (Brown A Stecker 
19fl2). 

In a matter-antimatter symmetric domain cosmology it is possible for the 
helium formed in the first three minutes of the bio-bano to have been partialy 
or totally destroyed by photodisinteqration by annihilation y~rays (Combes et 
al . 1975). If this is indeed the case (see also Stecker 19B0; Rana 19fl?; 

Rayo, °eimbert and Torres-Peimbert 1982), active galaxies and quasars 
during an early "bright phase" may have had very little He to accelerate. 


?.3 PROPAGATION OF EXTRAGALACTIC COSMIC RAVS 


A diffusion model can be considered as a first approximation to the 
problem (Ginzburq A SyrovatsMI 1P64). The mean distance cosmic rays diffuse 
In time t^ Is <R> » f2Dt„f^2 where D * (1/3) £v Is the diffusion coefficient 
and t^i ' 10^^ years. Since v ^ lO^*^ cm s"\ the laroest uncertainty lies with 
the determination of the length scale, Thv? length z Is o^ the order of the 
scale of Inhomooeneity of the Interqalactic magnetic field, which Is not less 
than the Interqalactic particle mean free path, 1.e.£ > (n®)"^ . In an 
Ionized gas o » 3xlO“^T-^ in {60nT/n ^^^ ), which for T.in'^-IO^ and n«^ 

10"^- 10*^ cm"^ gives z > 10^^-in^^cm. (If the cosmic X-ray background is 
attributed to thermal emission, the corresponding temperature would then be 
10^ (Marshall et al. IQRO; Boldt IRRl)). The corresponding lovi^r limits for 
the diffusion distance <R> Is then 1n the range d.s to snn Mpc. There Is thus 
no Intrinsic difficulty for extraoaiactlc oarticles reaching our oaiaj^v In a 
Hubble time from other clusters or superclusters which may consist of 
antimatter galaxies and contain cosmic ray sources. The estimates are 
admittedly quite uncertain, especially since they deoend on the topology of 
Interqalactic field lines which the cosmic rays follow. 

3. CONCLUSIONS 


We conclude that the primary origin hypothesis should he considered as a 
serious alternative explanation for the cosmic-ray P fluxes, particularly the 
result of Buffington et (which should be confirmed by further 
observation.) Such extragalactlc primary origin can be considered in the 
context of a baryon symmetric domain cosmology. The fluxes and propagation 
characteristics suggested are found to he In rough agreement with the 


n 


present p data. The primary cosmic ray p's under this hypothesis viould most 
likely be from active oal axles whereas the a's nay he from normal qal axles, 
accounting for a lower a/p ratio than the observed galactic a/p ratio. The 
estimates presented here suggest that present upper limits on the flux of a's 
may be close to detection levels. 
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Figure Caption 


Figure 1: The predicted p/p ratio for the closed galaxy model and leaky box 
model compared with the observed ratio. The curve labled K*50 Mod Indicates 
the effect of solar modulation with a mean energy loss of 600 MeV on the 
closed galaxy model prediction for K=50. Key to data; (■) Buffington, et 
al .(1981);(o) Bogomolov et al.(1979); (#) Golden et al.^1979). jhe heavy line 
shows the effect of adding an extragalactic p component to the leaky box model 
prediction as discussed In the text. 


Figure 2: Simplest Baryon Symmetric Big Bang Scenario. 



T (GeV) 





SIMPLEST BARYON SYMMETRIC BIG-BAN6 SCENARIO 


ORIGINAL PAGE W 
OF POOR QUALITY 



PRESENT GALAXY AND ANTIGALAXY 
SUPERCLUSTERS 








